ABSTRACT
INTRODUCTION
To maximize the utilization of the existing power system capacities, new power electronic controllers such as FACTS and custom power devices are installed. With custom power solutions in place, the end-user sees law harmonic, improved voltage profile, minimum power interruptions, and reduction in power losses and so on. With the practical applications of converter-based DFACTS controllers such as the DVR, D-STATCOM and UPQC, modeling and analysis of these DFACTS controllers in power-system operation and control is of great interest. It is well known that power flow solution is the most frequently performed routine power network calculations, which can be used in power system planning, operational planning, and operation/control [1, 2] . However, it is found that, in the past, much effort has been paid in the effects of D-STATCOM modeling on compensation of power quality problems such as reduce voltage fluctuations, regulate voltage distribution feeders or load compensation in unbalanced distribution system and power factor correction [3] [4] [5] . Almost all of the previous studies have considered control algorithm of D-STACOM or presented switching control scheme, because the performance of D-STACOM depends on the control algorithm. For this purpose, many control schemes are reported in literatures [6] . The models reported in the past for the D-STATCOM utilized in a two-bus distribution system, since, have been presented the effects of D-STATCOM on large distribution system [7] . In reference [8] , rating of the D-STATCOM for voltage compensation is derived by the phasor diagram method. But in this model D-STATOCM installed on branches and its method is proper for this situation. Since, in this paper, considering that the general structure of D-STATCOM is similar to STATCOM, it is reasonable to consider that for the purpose of power flow analysis the D-STATCOM modeling like STATCOM and represented by a synchronous voltage source with maximum and minimum voltage magnitudes limits. The bus at which the D-STATCOM is connected is represented as PQ bus. Two main subjects in selection and installation of a D-STATCOM in a distribution network are the selection of the best installing location and the best rating of D-STATCOM so, this paper presents the best locations and ratings of a D-STATCOM in a radial distribution network. For this purpose, the backward/forward load flow algorithm has been carried out to compute the realistic system operation states and evaluate the control performance of the D-STATOM. Numerical results based on 33 bus distribution networks are given to show the computational performance of the Backward/Forward power flow algorithm with incorporation of the D-STATCOM model.
MODEL OF THE D-STATCOM FOR POWER FLOW ANALYSIS

Operating Principles of STATCOM and D-STATCOM
A STATCOM usually consists of a coupling transformer, an inverter, and capacitor or energy storage. As shown in Fig.1 , the STATCOM is shunt connected with a power grid through the coupling transformer [1] . When the STATCOM is applied in distribution system is called DSTACOM (Distribution-STACOM) and its configuration is the same. A D-STACOM is the most important controller for distribution networks. It has been widely used since the 1990s to precisely regulate system voltage, improve voltage profile, reduce voltage harmonics, load compensation and power factor correction. To increase the dynamic rating in the capacitive range, a fixed capacitor/filter can be used in parallel with D-STATCOM. By connecting an energy storage device, D-STATCOM is capable of injecting active power in addition to reactive power for a limited time (during momentary interruptions or large voltage sags). Therefore, for steady state application, D-STATCOM consists of a capacitor instead of energy storage, and reactive power is exchanged between D-STATCOM and AC system [9] [10] [11] 
Radial Distribution System Load Flow
The effectiveness of the backward/forward sweep method in the analysis of radial distribution systems has already been proven by comparing it to the traditional GaussSeidel and Newton-Raphson methods. The backward/forward sweep method is an iterative method that is considered root node be the slack node with known voltage magnitude and angle [12] . The initial voltage for all other nodes is considered to be equal to the root node voltage and the power loss for all branches is equal to zero. At each iteration, the following computational stages are performed: Stage1: Backward sweep is mainly the branch power calculation, starting from the end buses and moving toward the root node, the power in branch n is:
Where, S n is the power of branch n, i is the ending node of branch n, S i is the absorbed power by the connected load at the ending node of branch n, S m is the power of branch m and Loss n is the power loss of branch n. Initial power loss for all branches is equal to zero.
Stage2:
Forward sweep begins from the first branch, which is connected to the slack bus, and moving toward the ending branches, currents are calculated in sending bus of branch n (means bus j) and also voltages in receiving bus of branch n (means bus i):
.
Power loss for branch n is calculated by equation (4):
Stage3:
The voltage mismatches for all buses are calculated during each iteration as follows:
Where, k denotes the iteration number. If any of these voltage mismatches is greater than a convergence criterion, the two first steps are repeated until convergence is achieved [13] .
Model of the D-STATCOM in Power Flow
In this paper, it is assumed that the injected reactive power of D-STATCOM is set to its maximum rating. It is considered as a negative constant value in load model in node K [1] . In order to indicate and compare the effects of D-STATOM implementing in the distribution system, different locations are selected for the installation of D-STATCOM. Also, rating of D-STACOM is changed in any procedures.
NUMERICAL RESULTS
Test system
In this paper, numerical results are carried out on the 33-bus system. In the test, the convergence criterion is that, in successive iteration the maximum difference in voltage magnitude must be less than 1× 10 −5 p.u. The single line diagram of the 12.66 kV, 33-bus, 4-latrreal radial distribution system is shown in Figure 4 . The data of the system is obtained from [14] . The load of the system is Stockholm, 10-13 June 2013
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